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Description 

This invention relates to a process for preparing light olefins by dehydrogenation of the corresponding paraffins, in 
particular C2-C5 paraffins (paraffins comprising between 2 and 5 carbon atoms). Olefins are important intermediates in 
5 the production of chemicals of widespread use> such as polyproji^ene, antiknodc additives (MTBE), high-octane gaso- 
lines, alkylated derivatives and numerous other products. 

Notwithstanding the growth in the demand for these products, the expansion of Industrial processes for tha'r prep- 
aration is often limited by the poor availability of olefins; such as isobutene in MTBE production. 

This has lead to the identification of other sources of olefin supply in addition to the traditionai sources (FCCs. 
10 crad^ers). Of these, one which is assuming an increasingly important role is the dehydrogenation of light paraffins. This, 
although stoichiometi^ically simple, presents both thermodynamic and kinetic problems. 

The reaction is endothermic and is controlled by the thermodynamic equilibrium. It requires for exanrtple a temper- 
ature exceeding 500''C to dehydrogenate C2-C4 paraffins with economically acceptable conversions per pass. In addition 
heat must be supplied to the system to satisfy the endothermic requirements of the reaction. 
IS In spite of the high operating temperature the dehydrogenation rate is low. and it is consequently necessary to 
operate in the presence of a suitat}ie catalyst 

This must be tiiermaliy stable and able to ensure high selectivity towards the desired olefin, and in addition minimize 
isomerization side reactions, cracking, coMrig and aromatization, and provide industi^ially useful conversion yields. 

The inevitable formation of coke on the catalyst results in progressive reduction in catalytic activity, hence regener* 
20 ation is periodically necessary. 

The formulation nrtust consequently have high stability under boih reaction and regeneration conditions 

Numerous attempts have been made to identify catalytic conpositions able to satisfy the requirements of this type 
of process. 

In this respect the patent literature describes numerous catalytic compositions both based on noble metals or oom- 
25 binations of these with other chemical species (US-3531543; US-4786625; US-4886928; EP-351067) and based on 
metal oxkJes in the presence of promoters, consisting in most cases of supported Cr^ (US-2945823; US-2956030; 
US-2991255: GB-2162082). 

However both these formulation families have drawbacks. Those based on noble metals require special treatment 
during regeneration (US-4438288) to preserve the dehydrogenation activity of the metal species, using for example 
30 after*treatment with chlorinated substances followed by reduction. Those based on chromium oxide require high oxide 
concentrations with consequent environmental problems, which can only be overcome by a certain process complexity. 
In addition, chromium-based catalysts suffer rapid activity reduction with time if not suitably stabilized. 

In recent years numerous patents have been put)lished in which catalytic compositions containing gallium (or gallium 
compounds) have been used to dehydrogenate paraffins (US-4056576) or to aromatize paraffins (AU-509285: AU- 
35 565365; US-4704494) from which unsaturated compounds are obtained with low conversion arKi km olefin selectivity. 

A patent for dehydrogenating paraffins (US-4914075) has also been published whk;h uses catalysts based on noble 
metals plus gallium. 

Although not providing numerical information on tiie performance obtained, this latter patent describes a regener- 
ation procedure typical of a platinum-based catalyst, ie in addition to buming off the deposited coka. halogenated com- 

40 pounds are used for redistributing the metal species followed by reduction of the formulation. 

Another patent DE-2628262 for dehydrogenating paraffins has been pre^usly putii ished. using catalysts containing 
alumina, as support: gallium, indium and/or thallium (of from 0.2 to 1% by weight) as promoters; platinum (of from 0.2 
to 1 % by weight) and alkaline metals (of from 0.2 to 2% tiy weight), this latter patent presenting the same problems of 
regeneration indicated for the above cited publications, particularly the necessity of redistributing the metal species and 

45 the following reduction of the formulation. 

We have surprisingly found that by using a particular catalytic system consisting of gallium or its compounds, a 
small quantity of platinum chosen within a very defined range, and possibly alkaline or alkaline-earth metals, supported 
on an alumina modified witii silica, we are able to simplrfy the regeneration stage compared with platinum-based catalysts 
by eliminating the platinum redispersion and the formulation reduction, while obtaining catalyst performance totally com- 

50 parable witii that obtained from said platinum-based catalytic systems and certainly better than the other catalysts of 
the aforesakl patents (US-4056576; AU-509285; AU-565a65; US-4704494). 

The process for preparing light paraffins from the corresponding paraffins, according to the present invention, con- 
sists of reacting said paraffins in a reactor, operating at a temperature of between 450 and 800*'C. a pressure of between 
10.13 and 303.9 kPa (0.1 and 3 atm absolute) and a GHSV of between 100 and 10000 h~t (normal litres of hydrocar- 

55 bon/hour per litre of catalyst), with a catalytic system containing gallium, platinum, possibly one or more alkaline or 
alkaline-earth metals, and a support consisting of alumina in delta or theta phase or in delta + theta or theta + alpha or 
delta + theta -1- alpha mixed phase, modified witii silica, the gallium, expressed as GaaOa. being in a quantity of between 
0.1 and 33.6 wt%. preferably between 0.5 and 2.5%, the platinum being in a quantity of between 1 and 99 ppm, preferably 
between 5 and 50 ppm, the alkaline or alkaline-earth metals, expressed as oxide, being in a quantity of between 0 and 
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5 wt%, preferably between 0.1 and 1%, and the silica being in a quantity of between 0.08 and 3 wt%, the rest to 100% 
being alumina, and regenerating said catalytic system in a regenerator by burning off the coke which has deposited on 
its surface, operating at a temperature exceeding 400''C. 

The regeneration is conducted in air and/or oxygen, possibly increasing the temperature of the catalytic system to 
5 a suitable value, for example by combustion of a suitable fuel. 

Said regeneration does not have to be followed either by catalyst reduction or by redispersion as is normal in the 
case of platinum-based catalytic systems, in that contrary to the teachings of the known art we have found that reduction 
produces a negative effect. 

The fact of not having to effect said reduction results in plant simplification and lower operating costs. 
10 It is advisable to use an alkaline or alkaline-earth metal, preferat)ly potassium, to attenuate the add properties of 
the formulation in order to reduce secondary reactions such as cracking, coking, aromatizing and skeletal isomerization. 
The surface area of the support should preferat>ly be less than 150 m^/g, determined by ttie BET method. 
The method for preparing the aforedescribed catalytic system consists essentially of dispersing a gallium compound 
on a support consisting of aluminium (in delta or theta phase or in delta -i- theta or theta -i- alpha or delta -•- theta alpha 
IS mixed phase) and silica. 

Some procedures are listed below for dispersing gallium and platinum on the support the inventkm however not 
bBlng limited to tiiese. 

The dispersion procedure can consist of impregnating said support witii a solution containing gallium or platinum 
precursors followed by drying and calcining, or by ionic absorption followed by separating the liquid, drying and activating 
20 the solid, or by surface adsorption of volatile gallium and platinum spedes. plus possible caldning of the solid. 

Of tiie aforelisted. tiie preferred procedures are impregnation tsy the indpient wetness nnethod, or immersing the 
support into the solution containing the precursors. 

If an alkaline or alkaline-earth metal is used, tiie folk3wing are some procedures for its addition: 

25 - coimpregnating the support 

adding the alkaline metal to the support l^ore dispersing the gallium and platinum precursor 

treating the solid containing gallium and platinum by ion exchange, impregnation etc. with alkaline metal. 

As already stated, the process of the invention is preferably conducted in a fluidized bed system essentially com- 
30 posed of a reactor In which the dehydrogenation reaction takes place, and a regenerator in which the catalyst is regen- 
erated by burning off the coke which has deposited on its surfece during the reaction. The catalyst circulates continuously 
within the reactor-regenerator system between the reactor and the regenerator, enabling the process to operated 
continuously, the heat required for the reaction being provided by the regenerated catalyst, which reaches the reactor 
at a temperature higher than the mean reaction temperatura 
35 The catalyst is maintained in thef luidized state within the reactor by ttie reacting gas, which enters the catalytic bed 
from below via a suitable disti'it)ution system. 

The reacted gas leaves the reactor from tiie top after passir^ tiirough a cyclone system or another system suitable 
for separating the dust; it can then be fed to a heat exchanger for preheating the feed and then to the separation section 
where the olefin produced is recovered, whereas the unreacted paraffin can be recycled to synthesis, while the by- 
4o products are separated and can be used inter alia in the regenerator as fuel gas. 

If an etherif ication plant is located downstream of the dehydrogenation, the separation section serves only to elim- 
inate its by-products. 

In the reactor the catalyst, in the f lukJized state, nrxives in countercurrent to the gaseous phase. It enters the catalytic 
bed from above through a distrOxitor which distiributes it equally over the bed surface, and leaves the reactor from below 
45 by passing t>y gravity into a desorption region, again forming part of the reactor arKi being of diameter less fhan or equal 
to the reaction region, and in which the gas between the particles is shifted and the gas within the particles is described 
to discharge nitrogen or methane from below, so that tiie shifted or desort>ed gas re-enters the reactor to prevent loss 
of reactants or product. 

The catalyst, still in the fluidized state, is then fed pneumatically to the regenerator. 
so In the fluidized bed reactor tiie operating conditions are preferak>ly as follows: 

a temperature maintained at between 450 and 650'*C. depending on tiie paraffin or paraffin mixture processed, l>y 
regulating the regenerated catalyst f fow; 
atmospheric or slightly higher than atmospheric pressure: 
ss • a space velocity of between 1 00 and 1 000 h'"* (N.litres of gas per hour per litre of catalyst), and preferably between 
150 and 200; 

a catalyst residence time of between 5 and 30 minutes and preferably between 10 and 1 5 minutes in the f luklized 
bed region, and between 0.2 and 10 minutes in the desorption region. 
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Grids with a free area of between 10 and 90% and preferably between 20 and 40% can be arranged horizontally at 
various heights within the reactor, spaced apart by between 20 and 200 cm. 

The purpose of these grids is to prevent the gas and solid remixing so that the gas flow within the reactor approxi- 
mates to piston flow. This maximizes paraffin conversion and selectivity towards the desired olefin. 
5 The selectivity can be further maximized by the axial temperature profile which becomes established along the bed, 
with maximum temperature in the top part where the regenerated cataly^ arrives and minimum temperature in the 
bottom part The temperature difference along the t>ed is preferably between 15 and eS'^C. 

The axial temperature profile can also be optimized by distributing the regenerated catalyst at various heights within 
the catalyst bed. 

10 The pneumatic conveyor system between the reactor and regenerator consists of a conveying line with at least one 
region in which the catalyst moves with descending movement preferably maintained in an intermediate condition 
between minimum f luidization and minimum but)t}le formation by feeding in a suitable quantity of gas at a suitable height, 
and a region in which the catalyst moves with ascending movement until It reaches the top of the regenerator catalyst 
bed by feeding In gas at the t>ase. this substantially reducing the emulsion density. 
75 The regenerator dimensions are preferably similar to those of the reactor. 

A suitable diffuser distributes the catalyst from the reactor over the surface of the catalyst bed. Regeneration takes 
place within the bed tsy k)urning off the coke which has deposited on the catalyst the catalyst being heated by combustton 
of methane or fuel gas with air. oxygen or another contiustion-supporting gas, at a temperature greater than the mean 
temperature within the reactor. 
20 Before being fed to the reactor, the regenerated catalyst is desorbed of the combustion products. 

The gas and solid also move countercurrently within the regenerator. Air is fed into the base of the catalyst bed, the 
fuel gas being fed In at a suitat)le height along the bed. 

The gas leaving the regenerator, consisting of nitrogen and combustion products, passes through cyclones or a 
different system in the top part of the apparatus to separate entrained dust and then after leaving the regenerator is fed 
25 to a heat exchanger for preheating the combustion air. 

Before discharging to atmosphere the gas passes through a system of filters or other devices to reduce the dust 
content to a few tenths of a mg per Nm3 of gas. 

As the catalytic combustion takes place at a temperature of less than TOO'^C. the car1x>n monoxide and nitrogen 
oxide content of the discharged gases is such as not to require further purifk^tion treatment. 
30 The regenerator is preferably operated at atmospheric or slightly higher than atmospheric pressure, at a space 
velocity of between 100 arrd 1000 h'i . and v^th a residence time of the soiki varying from 5 to 60 minutes, and preferatsly 
from 20 to 40 minutes. 

The regenerated catalyst is conveyed to the reactor in the same manner in which the spent catalyst is conveyed to 
the regenerator. The reactor-regenerator system conceived in this manner enables the operating parameters and the 
35 performance to be maintained constant during the entire technical life of the plant. 

Portions of catalyst are periodically discharged from the system and are replaced with equal portions of fresh cat- 
alyst, without ever interrupting plant operation. 

The advantages of a f lukiized bed reactor-regenerator system can be summarized as follows: 

40 - the optimum temperature profile in the reactor maximizes olefin yietol; 

heat is transfenred to the reaction directiy by the regenerated catalyst There are no heat transfer surfaces and the 
strong mixing of the f luidized bed prevents formation of high temperature points which could reduce selectivity: 
the f luklized k)ed process does not require hydrogen recycling, deleterious from the thernnodynamic aspect but 
essential in otiier configurations to maintain temperature control; 

45 ' all operations take place continuously, it not being necessary to change operating parameters during the entire plant 
life; 

the plant can be operated witii considerat)le flexibility in terms of actual as against design productivity; 
reaction and regeneration take place in physically separate regksns, it being impossasle fbr hydrocariaon streams to 
mix with oxygen-containing streams: 
so - the process is conducted at atmospheric or slightiy higher than atmospheric pressure. There is tiieiretore no possi- 
bility of air infiltration into the reaction region from the outskle; 
no special treatment is required to reduce pollutant gas emission. 

Figure 1 shows a possible application of tiie aforedescribed reactor-regenerator scheme. 
ss The hydrocarbon feed 1 enters the reactor 2 via a suitable distributor (not shown in the figure), the reaction product 
gas passing through the cyclones 3 to leave the reactor via the line 4. The regenerated catalyst reaches 5 at the top of 
the catalyst bed and leaves the reactor to pass into the desorber 6 where It comes into contact with the describing gas 
7. The catalyst then enters the conveying line 8 in which it is conveyed to the regenerator 10 to emerge at the top of the 
catalyst bed at 9. 
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In this case a single line is shown for feeding gas into the conveying line, at 11 . In this application the conveying line 
is characterised by having a U-shaped connection between the descending part and ascending part The catalyst 
descends along the regenerator, enters the desorber 12, then the conveying line 14 and is conveyed to the reactor. The 
regeneration air enters at 15. the fuel gas at 16 and the desorbing gas at 17. in each case via suitable distrikxitors (not 
5 shown in the figure). 

After passing through the cyclones 18 the gas leaves at 19. 

Some examples are given hereinafter by way of non-limiting illustration of the present invention. 
EXAMPLE 1 (COMPARATIVE) 

10 

A microspheroidal pseudoboehnrtite wHh added silica (1 .2 wt%) is prepared having a particle diameter of 5-300 fun. 
by spray-drying a Ijudox alumina hydrate and silica sol. A sample of the pseudoboehmite is subjected to thermal treatment 
consisting of initial calcining at 450''C for one hour followed by further calcining at 1 060''C for 8 hours in a steam-saturated 
air stream. 

IS The product obtained has a specific surface of 90 m2/g, a porosity of 0.4 cc/g and consists essentially of delta, theta 
and iaipha transition aluminas. 

1 50 g of this alumina are impregnated, by the incipient wetness procedure, with 60 cc of an aqueous solution con- 
taining 6.92 g of Ga(NC)3)3.xH2Q (18.9% Ga) in deionized water. 

The impregnated substance was left standing for 24 hours at ambient temperature and was then dried at 120*C for 
20 24 hours. The dried product was finally activated in a dry air stream at 600^*0 for 4 hours. 

The catalyst composition by weight, for which the gallium is expr e ssed as oxide, is 1 .2% GbtOs. 1 .6% SiOz^ balance 
to100%Al2p3. 

Its catalytic performance in the dehydrogenation of propane and isobutane by the aforedescribed procedure is 
reported in Tables 1 and 2. 

26 

EXAMPLE 2 

150 g of microspheroidal alumina, prepared as described in Exanpfe 1, are impregnated by the aforedescribed 
procedure wrtii an aqueous solution containing 6.90 g of Ga(NC)3)3.xH20 (1 8.9% Ga) and 1 .32 g of an aqueous H2PtCl6 
30 solution (0.25% R) In deionized water. The impregnated sut>stance is treated as described in the preceding example 
to give a catalyst composed of 1 .2% Ga^Oa, 0.002% Pt 1 .6% SiOz. balance to 1 00% AI2O3. 

Its catalytic performance in the dehydrogenation of propane and isobutane is reported in Tables 1 and 2. 

EXAMPLES 

35 

150 g Of microspheroidal alumina, prepared as described in Example 1, are impregnated with an aqueous solution 
containing 6.92 g of Ga(N03)3.xH^ (18.9% Ga) and 0.66 g of an aqueous H2RCI6 solution (0.25% Pt) in deionized 
water. The impregnation and subsequent treatment are conducted as descrbed in Example 1. The resultant catalyst 
has the following composition: 1.2% Ga203. 0.001% R, 1.6% Sf02. balance to 100% AI2O3. 
40 Its catalytic performance in the dehydrogenation of propane is reported in Table 1 . 

EXAMPLE 4 (COMPARATIVE) 

1 50 g Of microspheroidal alumina, prepared as described in Example 1 , are impregnated with an aqueous solution 
45 containing 6.91 g of Ga(N03)3.xH^ (1 8.9% Ga) and 1 2 g of an aqueous HaPtCle solution (0.25% R) in deionized water. 
The impregnation and subsequent treatment are conducted as descra>ed in Example 1 . The resultarit catalyst has the 
following composition: 1 .2% Ga203. 0.020% R, 1 .6% Si02. balance to 100% Al^3- 

Its catalytic performance in the dehydrogenation of propane is reported in Table 1 . 

so EXAMPLE 5 

150 g of microspheroidal alumina, prepared as described in Example 1, are impregnated with an aqueous solution 
containing 3.51 g of Ga(N03}3.xH^ (18.9% Ga) and 1.32 g of an aqueous H2RCI6 solution (0.25% R) in deionized 
water. The impregnation and subsequent treatment are conducted as described in Example 1. The resultant catalyst 
ss has the following composition: 0.6% Ga^. 0.002% Pt 1 .6% SiOz. balance to 1 00% AI2Q3. 

Its catalytic performance in the dehydrogenation of propane is reported in Tat>le 1 . 



5 



EXAMPLE 6 (COMPARATIVE) 



EP 0 637 578 B1 



150 g of microspheroidal alumina, prepared as described In Example 1, are impregnated by the aforedescribed 
procedure with an aqueous solution containing 1 5 g of concentrated HCI, 2 g of SnCl2.2H20 and 1 .21 g of H2RCI6 (25% 
5 R). 

The impregnated substance is dried, calcined for 2 hours at 500''C in air and then reduced for 2 hours at 600''C in 
a hydrogen/nitrogen stream. 

The catalyst has the following composition: 0.2% Pt, 0.7% Sn, 1.6% Si02, balance to 100% AI2Q3. 

Its catalytic performance In the dehydrogenation of propane and isobutane Is reported In Tables 1 and 2. 

EXAMPl^ 7 (COMPARATIVE) 

150 g Of microspheroidal alumina, prepared as descrit>ed in Example 1 . are impregnated with an aqueous solution 
containing 3.50 g of Ga(N03)3.xH20 (1 8.9% Ga) and 1 .50 g of an aqueot« H2Pta6 solution (1 0% R) in deionized water. 
IS The impregnation and subsequent treatment are conducted as described in Example 1 . The resultant catalyst has the 
following composition: 0.6% Ga^a. 0.1% Pt. 1.6% SiOz. balance to 100% AI2O3. 
Its catalytic performance in the dehydrogenation of propane is reported in Table 1 . 

EXAMPLES 

20 

1 50 g of microspheroidal alumina, prepared as described in Example 1 , are impregnated by the aforesaid procedure 
with an ^ueous solution containing 6.9 g of Ga(N03)3.xH^ (18.9% Ga), 0.59 g of KNOs and 1.32 g of an aqueous 
H2RCI6 solution (0.25% R) in deionized water. The impregnated substance is treated as described in the preceding 
exanrple to give a catalyst having the following composition: 1.2% Ga203. 0.002% Pt 0.2% K2O, 1.6% Si02. balance 
25 to 100% AI2Q3. 

Its catalytic performance in the dehydroger^tion of propane and isobutane is reported in Table 1 and Table 2 respec- 
tively. 

CATALYTIC TESTS 

30 

The products of Examples 1 -8 are tested in quartz f luidized bed reactors with a porous quartz t>aff le. The catalytic 
cyde. simulating the behaviour of an industrial reactor, comprises a reaction stage in which the hydrocart>on is fed 
(duration 15 minutes), a stripping stage in which nitrogen is passed to free the catalyst of the adsorbed products (10 
miriutes). and a regeneration stage in which the regeneration gas is fed (oxygen, air or a mixture of the twot usually for 
35 30 minutes). The regeneration and reaction stages are separated from each other by short periods of nitrogen strapping 
(5 minutes) for safety reasons, as the reaction and regeneration are conducted in the same reactor. 

The requirements of the industrial f luidized bed dehydrogenation process advise that regeneration be effected at a 
temperature exceeding the reaction temperature. In the tests we regenerated at 650*^0 whereas the reaction was con- 
ducted to 590**C in the case of propane dehycb-ogenation and SSO'^C in the case of isobutane dehydrogenation. 
40 The reactant space velocity is 400 Nl/lcat.h. 

The reactant fed into the reactor is metered by weight. 

The effluent from the reactor during the reaction and stripping stages is firstly passed through a cold trap to halt the 
heavy products for sutssequent weight, % carbon and % hydrogen determination, and then collected in a mutti-layer 
sampling bag not related to the particular hydrocartxsn species. The l>ag contents are then measured with a positive 
45 displacement pump and analyzed by gas chromatography 

Finally, after stripping forlO minutes with N2. a catalyst sample is taken to determine the quantity of coke formed. 
The data obtained are fed into a personal computer to calculate the material balance, oonversk>n and selectivity towards 
the various products. 

From the data of Table 1 the importance of the platinum quantity present in the system can be clearly seen. The 
so performance falls off considerably if platinum is absent (Example 1) or if platinum is present to an extent exceeding 99 
ppm (Examples 4. 6 and 7). 

Example 2 also shows the negative effect of reduction downstream of the regeneration stage In contrast to the 
comparative Example 6 in which successive reduction leads to a positive effect 

The reported examples show that the primary catalytic element is gallium, metal or oxide, whereas the platinum 
55 acts as a promoter-activator for the primary catalytic species. 
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Finally. Example 8 shows the capacity of potassium to increase selectivity towards the desired olefin, particularly 
in the dehydrogenatlon of rsot)utana 

TABLE 1 



5 


Propane dehydrogenation : catalyst after 1 50 hours of exposure to the catalytic cyde described In the text 


Example 


K2O (wt%) 


Pt(wt%) 


GA2O3 (wt%) 


Com. {%) 


Sel. (mol%) 


Yield (wt) 




1 






1 0 


£.1 


/y 


16 


10 


2A 




0.002 


1.2 


39 


85 


32 


2B 




0.002 


1.2 


28* 


84* 


22* 




3 




0.001 


1.2 


39 


86 


32 




4 




0.020 


1.2 


30 


85 


24 


IS 


5 




0.002 


0.6 


31 


88 


26 




6A9 




0.2 




31* 


86* 


25* 




6Bg 




0.2 




9 


89 


8 


20 


7 




0.10 


0.6 


17 


81 


13 




8 


0.18 


0.002 


1.2 


33 


89 


28 



C0.7wt%tin 

* after reduction with H2 650°C 

26 



TABLE 2 



30 


Isobutane dehydrogenation: catalyst after 1 55 hours of exposure to the catalytic cycle described in the text. 




Example 


K20(wl%) 


Pt(wt%) 


GA2Q3(wt%) 


Conv. (%) 


Sel. (mol%) i-C4H8 


Yield (wt) 




1 






1.2 


25 


59 


14 


3S 


2 




0.002 


1.2 


49 


75 


35 




65 




0.2 




40* 


64* 


25* 




8 


0.18 


0.002 


1.2 


44 


86 


37 



g0.7wt%tln 



40 * after reduction witti H2 650**C 



45 dalms 

1 . A process for preparing light olefins by dehydrogenation of the corresponding psuaff ins, in particular C2-C6 paraffins, 
consisting of reacting said paraffins In a reactor, operating at a temperature of between 450 and SOO^'C. a pressure 
of between 10.13 and 303.9 kPa (0.1 and 3 atm absolute) and a GHSV of between 100 and 10000 h^i. with a 

so catalytic system containing gallium, platinum, possibly one or more alkaline or alkaline-earth metals, and a support 
consisting of alumina in delta or theta phase or in delta + theta or theta -i- alpha or detta -1- theta + alpha mixed phase, 
modified with silica, tiie gallium, expressed as Ga^a. being in a quantity of between 0. 1 and 33.6 wt%. the platinum 
being in a quantity of between 1 and 99 ppm, tiie alkaline or alkaline-earth metals, expressed as oxide, being in a 
quantity or between 0 and 5 wt%, and the silica being in a quantity of between 0.08 and 3 wt%, tiie rest to 100% 

55 being alumina, and regenerating said catalytic system in a regenerator by burning off the coke which has deposited 
on its surface, operating at a temperature exceeding 400*^0. 

2. A process as claimed in claim 1 , wherein in the catalytic system the gallium, expressed as GazOa, is present in a 
quantity of between 0.5 and 2.5 wt%. the platinum in a quantity of between 5 and 50 ppm. the alkaline metals in a 
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quantity of between 0.1 and 1 wt%, and the silica in a quantity of between 0.08 and 3 wt%. the rest to 100% being 
alumina 

3. A process as claimed in claim 1 or 2. wherein the alkaline metal Is potassium. 

4. A process as claimed in claim 1 or 2. wherein the support has a surlace area of less than 1 50 nr)2/g. determined by 
the BET method. 

5. A process as claimed in one or more of claims 1 to 4, wherein the reactor and regenerator are of f luidized bed type. 

6. A process as claimed in daim 5, wherein the dehydrogenation is conducted at a temperature of between 450 and 
650''C. at atmospheric or slightly higher than atmospheric pressure, at a space velocity of between 100 and 1000 
h'i and with a catalyst residence time within the f luidized bed region of between 5 and 30 minutes. 

7. A process as claimed in daim 6, wherein the space velocity is between 150 and 200 h~i and the catalyst residence 
time is between 10 and 15 minutes. 

8. A process as claimed in claims 5 and 6. wherein the regeneration is conducted with air or oxygen or another cony- 
bustion-supporting gas at a temperature greater than the mean reactor temperature, at atmospheric or slightly higher 
than atmospheric pressure, at a space velocity of between 100 and 1000 h~^i and with a solids residence time of 
between 5 and 60 minutes. 

PatentansprOche 

1. Verfehren zur Herstellung von leichten Olefmen durch Dehydrieren der entsprechenden Paraffine, insbesondere 
von CrCs-Paraffinen, bestehend in der Umsetzung dieser Paraffine in einem Reaktor. der t>ei einer Temperatur 
zwischen 450 und 800"C, einem Druck zwischen 10.13 und 303,9 kPa (0.1 bis 3 atm ak>solut) und etner GHSV 
zwischen 100 und 10000 h~i betrieben wird. mit einem katalytischen System, enthaltend Gallium. Platin. mOgli- 
chenweise ein Oder mehrere Alkali- oder Erdalkalimetalle, und einen Trdger. bestehend aus Tonerde. in der 5 oder 
^-Phase Oder in 6^^- oder ^a- Oder b^s* a-Phase. modifiziert mit Kieselsdure, wobei Gallium, angegeben als 
Ga^3. in einer Menge zwischen 0.1 und 33.8 Gew.-%. Platin in einer Menge zwischen 1 und 99 ppm. die Alkali- 
Oder Erdalkalimetalle, angegeben als Oxid. in einer Menge zwischen 0 und 5 Gew.-% und die Kieselsdure in einer 
Menge zwischen 0.08 und 3 Gew.-% vortianden ist wobei der Rest auf 100 % Tonerde ist, und Regenerieren des 
katalytischen Systems in einem RegenerErtor durch Ausbrennen des Kbks. der stch auf der Oberf Iflche abgescNe- 
den hat bei einer Temperatur Ober 400''C. 

2. Verfahren nach Anspruch 1 . wobei in dem katalytischen System das Gallium, angegeben als Ga2P3. in einer Menge 
zwischen 0.5 und 2.5 Gew.-%. das Platin in einer Menge zwischen 5 und 50 ppm. die Alkalimetalle in einer Menge 
zwischen 0.1 und 1 Gew.-% und die Kieselsdure in einer Menge zwischen 0.08 und 3 Gew.-% vorhanden sind. 
wobei der Rest auf 1 00 % Tonerde ist. 

3. Verfahren nach Anspruch 1 oder 2. wobei das Alkalimetall Kalium ist 

4. Verfahren nach Anspruch 1 oder 2. wobei der Trdger eine Oberfiache von weniger als 150 m^/g besitzt bestimmt 
nach dem BET-Verfahren. 

5. Verfahren nach einem oder mehreren der AnsprQche 1 bis 4, wobei der Reaktor und Regenerator vom FlieBbett- 
bzw. Wirk>elbett-Typ sind. 

6. Verfahren nach Anspruch 5. wobei die Dehydrierung durchgefOhrt wird bei einer Temperatur zwischen 450 und 
650''C, bei Atmospharendruck oder etwas uber Atmosphdrendruck. bei einer Raumgeschwindtgkeit zwischen 100 
und 1000 h~i und mit einer Katalysatorverweilzeit innerhalb des Ruldbettbereichs zwischen 5 und 30 Minuten. 

7. Verfahren nach Anspruch 6. wobei die Raumgeschwindigkeit zwischen 150 und 200 h~i liegt und die Katalysator- 
venweilzeit zwischen 10 und 15 Minuten. 

8. Verfahren nach den AnsprOchen 5 und 6. wobei die Regenerierung mit Lxift oder Sauerstoff Oder einem anderen. 
die Verbrennung fOrdernden Gas, bei einer Temperatur durchgefOhrt wird. die hOher liegt als die mittlere Reaktor- 



8 



EP 0 637 578 B1 



temperatur, bei Atmosphdrendruck Oder eiwas Qber Atmospharendruck, bei einer Raumgeschwindigkeit zwischen 
100 und 1000 h'l und mit einer Feststoffverweilzeit zwischen 5 und 60 Minuten. 

Revendlcations 

1 . Proc6d6 de pr^aration d'ol6f ines 16g^res par d^shydrog^nation des paraff ines correspondantes, en particulier dee 
paraffines en CrCs. comportant fe fait de feire r6aglr lesdites paraffines dans un r^acteur. le lait d'op^er d une 
temperature comprise entre 450 et 800"* Cp sous une pression comprise errtre 10,13 et 303,9 kPa (entre 0.1 et 3 
atm absolu). et avec une VSHG comprise entre 1 00 et 1 0000 h~i , avec un syst^me catatytkiue oontenant du gallium, 
platlne, peut-§tre un ou plusieurs des m^aux alcalins ou alcafino-terreux. et un support qui se compose d'alumine 
en phase delta ou th^ta. ou en phases m^lang^es delta+th§ta ou th^ta-^alpha ou deHa+thto-Kaipha. modifi^ avec 
de la silice ; le gallium se trouvant en une quantity, exprim^e en Ga203, de 0,1 k 33,6 % en pokis, le platine se 
trouvant en une quantity de 1 ^ 99 ppm, les m6taux alcalins ou alcalino-terr^jx se trouvant en une quantity, exprim^e 
en oxyde. de 0 d 5 % en pokis, et la silice se trouvant en une quantity de 0,08 ^ 3 % en poids, la quantity restante 
pour atteindre 100% correspondent k I'alumine ; et fe faH de r6g6n^er ledit systems catalytique dans un r^6n6- 
rateur en 6llminant par combustion le coke de p6tro\e qui s'est d6p086 sur ses surfaces, en operant d une tempe- 
rature depassant 400** C. 

2. Precede conforme k la revendication 1, dans lequel sont presents dans le syst^me catalytique, le gallium en une 
quantity, exprimee en Ga2Q3. de 0,5 k 2,5 % en poids. le platine en une quantity de 5 & 50 ppm, les mdtaux atecUtns 
en une quantrte de 0, 1 d 1 % en poids. et la silice en une quantite de 0,08 e 3 % en poids, la quantite restante pour 
atteindre 100% correspondent k i'alumine. 

3. Procede conforme d la revendication 1 ou 2. dans lequel le metal atealin est le potassium. 

4. Precede conforme e la revendication 1 ou 2, dans lequel le support a une surface specifique inferieure e 150 m?/g., 
determinee suivant la methode B.E.T. 

5. Precede conforme e Tune ou plusieurs des revendlcations 1^4. dans lequel le reacteur et le regenerateur sont de 
typed lit fluidise. 

6. Precede confonne k la revendication 5, dans lequel la deshydrogenation est reallsee k une temperature comprise 
entre 450 et 650* C. sous une pression atmospherk|ue ou legdrement plus eievee. avec une vitesse spatiale com- 
prise entre 1 00 et 1000 h~i . et avec un temps de sejour du catalyseur k rinterieur de la zone de lit f luidise compris 
entre 5 et 30 minutes. 

7. Procede conforme k la revendication 6, dans lequel la vitesse spatiale est comprise entre 150 et 200 h~i, et le 
temps de sejour du catalyseur vaut de 10 d 15 minutes. 

8. Precede conforme aux reverKlications 5 et 6. dans lequel la regeneration est reallsee avec de i'air ou de I'oxygene 
ou un autre gaz entretenant une comk>ustion k une temperature superieure k la temperature moyenne du reacteur, 
sous une pression atmospherique ou legerement plus eievee, avec une vitessse spatiale comprise entre 100 et 
1000 h~i , et avec un temps de s^our des matieres solides de 5 e 60 minutes. 
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